sterols, neutral compounds, such as fatty alcohols, sterols, phenolic compounds such as tannins (Fava et al, 2006) , quinones (Carter et al, 1978 (Kawaguchi et al, 1989 ).
Extractives and natural resistance of wood
Cellulose is the major structural component of wood and also the major food of insects and decay fungi. Termites, like fungi, are important biological agents in the biodegradation of wood (Syofuna et al, 2012 ).
Extractives are low molecular weight compounds present in wood (Chang et al, 2001 ), also called secondary metabolites, and are indeed crucial for many important functional aspects of plant life. The relationship between extractives and natural durability of wood was first reported by Hawley et al (1924) . The natural durability of wood is often related with its toxic extractive components (Scheffer and Several studies have shown that after removal of extractives, durable wood loses its natural resistance and makes them more susceptible to decay (Ohmura, 2000; Taylor et al, 2002; Oliveira et al, 2010) . Several authors investigated the relationships between the wood properties and extractives (Carter et al, 1978; Schultz et al, 1990 ; Reyes-Chilpa et al, 1998; Chang et al, 1999; Morimoto et al, 2006) .
One of the most limiting factors for the commercial utilization of wood is its low resistance to fungi and termites, especially in the semi-arid and sub-humid tropics. The biodegradation is supposed to be one of the major challenges to incur the heavy economic loss. Wood decay fungi and some species of termites are important and potent wood-destroying organisms attacking various components of the wood (Istek et al, 2005 ; Gonçalves and Oliveira 2006).
The largest group of fungi that degrades wood is the basidiomycetes and is divided into: whiterot, brown-rot and soft-rot fungi (Anke et al, 2006) . Brown-rot fungi occurs most often in buildings, can degrade only structural carbohydrates (cellulose and hemicellulose), leaving lignin essentially undigested, whereas white-rot fungi utilize all wood constituents including both the carbohydrates and the lignin. Soft-rot fungi utilize preferably carbohydrates, but also degrade lignin (Belie et al, 2000) . They hydrolyze and assimilate as food the lignocellulose components by injecting enzymes into the wood cells (Erickson et al, 1990 ).
Termites cause significant losses to annual and perennial crops and damage to wooden components in buildings (Verma 2010) . Damage caused by subterranean termites, Nasutitermes, Coptotermes and Reticulitermes historically has been a concern of researchers worldwide. Korb (2007) estimated annual damage caused by termites at about U.S. $50 billion worldwide. In the city of Sao Paulo, Brazil, alone, a 20-year loss of $3.5 billion was incurred (Lelis, 1994) .
The concentration of extractives varies among species, between individual trees of the same species and within a single tree. Some of these extractives render the heartwood unpalatable to wood destroying organisms. Factors affecting wood consumption by termites and fungi are numerous and complexly related. The amount however can vary from season to season even in the same tissue or are restricted in certain wood species (Taylor et al, 2006 ). Biological deterioration of wood is of concern to the timber industry due to the economic losses caused to wood in service or in storage. Fungi, insects, termites, marine borers and bacteria are the principal wood biodegraders. They attack different components of wood at different rates giving rise to a particular pattern of damage (Sirmah 2009 ). Degradation is influenced by environmental conditions of the wood; whether in storage or in use. The degraded wood material is returned into the soil to enhance its fertility (Silva et al, 2007) .
The proposal of this study is to demonstrate the importance of phenolic compounds in natural resistence of wood biodegradation. We collected information of the most representative phenolic compounds (flavonoids, stilbenes, quinones and tannins) found in wood, responsible for resistance of some wood species to bio-degraders (Toshiaki 2001; Windeisen et al, 2002 ).
Flavonoids
Flavonoids are secondary metabolites that occur naturally in all plant families (Harbone 1973). Widely distributed in all parts of plants, these compounds afford protection against ultraviolet radiation, pathogens, and herbivores (Harbone and Willians 2000). The general structure includes a C15 (C 6 -C 3 -C 6 ) skeleton joined to a chroman ring (benzopyran moiety), classified into flavanones, flavones, chalcones, dihydroflavonols, flavonols, aurones, flavan-3-ols, flavan-3,4-diols, anthocyanidins, isoflavonoids, and neoflavonoids. Some examples of each class of flavonoids are described in figure 1. (2000) reported that flavonoids present in Larix leptolepis (Pinaceae) wood, principally taxifolin and aromadedrin, showed strong feeding deterrent activities against the subterranean termite, Coptotermes formosanus Shiraki (Isoptera: Rhinotermitidae) and suggested that some flavonoids such as quercetin and taxifolin ( Figure 3 ) might be useful for termite control agents considering their abundance in plants. From the heartwood of Dalbergia latifolia (Leguminosae) were isolated and identified as active against termites and fungi, the neoflavonoids, latifolin, dalbergiphenol, and 4-methoxydalbergione ( Figure 9 ). Latifolin showed high termiticidal activity and termite-antifeedant against Reticulitermes speratus (Kolbe). Dalbergiphenol and 4-methoxydalbergione exhibited moderate termiteantifeedant activity (Sekine et al, 2009 ).
The structure-activity relationships of latifolin ( Figure 10 ) and its derivatives were analyzed to check if there was a correlation between antitermitic and antifungal activity. It was found that the termite mortality in response to the derivatives 2'-O-methyllatifolin, latifolin dimethyl ether, and latifolin diacetate increased 2-fold compared to latifolin. No difference was presented in mortality of termites in the presence of 5-O-methyllatifolin and latifolin. The results indicate that the phenolic hydroxyl group at C-5 of the A ring provides antitermitic activities. With respect to antifungal activity of these compounds, it was found that all compounds presented less activity against white-and brown-rot fungi than latifolin. In addition, both C-5 and C-2' phenolic hydroxyl groups in the A and B rings have antifungal activity against whiteand brown-rot fungi. In conclusion, the bioactivity of latifolin depends upon the position of phenolic hydroxyl groups (Sekine et al, 2009 ).
The heartwood of Dalbergia congestiflora Pittier (Leguminosae) tree presented natural resistance to fungal attack. The antifungal effect of various extracts from the D. congestiflora heartwood was evaluated against Trametes versicolor fungus (Martínez-Sotres et al, 2012). The major component of hexane extract that caused 100% growth inhibition from tested fungi was characterized as (-)-Medicarpin ( Figure 11 ). Medicarpin also isolated from heartwood of Platymiscium yucatanum (Leguminosae) was identified active against T. versicolor (ReyesChilpa et al, 1998). fungi attack. In-vitro bioassays indicated that this compound acted as a fungicide against the White-rot fungi Trametes versicolor (Niamké et al, 2012) . Tectoquinone ( Figure 13 ), a anthraquinone, presented strong antitermitic activity and is assumed to be at the origin of the resistance of teak wood to termites (Haupt et al, 2003; Kokutse et al, 2006) . According to Wolcott (1955) this substance is highly repellent to the dry-wood termite Cryptotermes brevis (Walker) and Sandermann and Dietrichs (1957) From heartwood of Tabebuia impetiginosa (Bignoniaceae) were isolated naphthoquinones, mainly lapachol (Figure 15 ), that showed no repellent activity to Reticulitermes termites but it was repellent to two other termites, Microcerotermes crassus (Isoptera: Termitidae) and Kalotermes flavicollis (Isoptera: Kalotermitidae) (Becker et al, 1972) . The naphthoquinone, 7-methyljuglone ( Figure 16 ) was isolated and identified as termicidal constituent of heartwood of Diospyros virginiana L. (Ebenaceae). Its dimer, isodiospyrin possess also termicidal activity against Reticulirmes flavipes, but to a lesser extent (Carter et al, 1978) . Figure 16 . Structure of 7-methyljuglone and isodiospyrin
Stilbenes
Stilbenes are compounds possessing the 1,2-diphenylethene structure, as well as bibenzyls and phenanthrenes, which are composed of C 6 -C 2 -C 6 skeleton. Stilbenes derivatives of 1,2-diphenylethlene, process a conjugated double bond system. There are two isomeric forms of 1,2-diphenylethylene: trans-stilbene and cis-stilbene, and the chemical structure of these two stilbenes are shown in Figure 17 . Hydroxylated trans-stilbene has an important role in heartwood durability, especially for a resistance to fungal decay. The durability and resistance to decay by Pinus sylvestris (Pinaceae) is due to pinosylvins (Figure 18 ). Pinosylvin present in the heartwood of Pinus species is formed as a response to external stress such as fungal infections or UV light. The 2, 4, 3', 5'-tetra and 3, 4, 5, 3', 5'-pentahydroxystilbenes are responsible for wood resistance against Brown-rot and whit-rot fungi (Schultz et al, 1995) . From the heartwood of Bagassa guianensis (Moraceae) was isolated moracins including others polyphenols such as flavonoids and stilbenoids (Figure 19) , that presented activity against Pycnoporus sanguineus, a white-rot fungus. Possible synergism between compounds have been hypothesized (Royer et al, 2012 ). 
Tannins
Tannins constitute a distinctive and unique group of higher plant metabolites. They presented polyphenolic character and relatively large molecular size (from 500 to >20,000). They are thought by some to constitute one of the most important groups of higher plant defensive secondary metabolites (Haslam 1989 ).
The designation of tannin includes compounds of two distinct chemical groups: hydrolysable tannins ( Figure 20 ) and condensed tannins ( Figure 21) . Condensed tannins are natural preservatives and antifungal agents, found in high concentrations in the bark and wood of some tree species (Zucker 1983 Figure 21 . Structure of condensed tannins
Conclusions
The protection of wood against biodeterioration is related to its chemical composition, mainly due to the accumulation of extractives in the heartwood. Wood extractives are nonstructural wood components that play a major role in the susceptibility of wood against wood decay organisms. The attack of these organisms in general can be prevented with synthetic organic and inorganic preservatives; however, such products are very harmful to human health and the environment. Several studies have considered that, it is possible the application of wood extractives as natural preservatives. The main components of wood extractives that confers natural resistance against biodeterioration agents are, tannins, flavonoids, quinones and stilbenes.
• Frequently, condensed tannin can be obtained inexpensively by extracting the bark materials with hot water solvent and has been used as preservatives for a long time.
• Flavonoids exhibit antifungical activity as well as feeding deterrent activities against subterranean termites.
• Quinones -possess natural repellent and toxic properties, mainly against termites.
• Stilbenes has an important role in heartwood durability, especially for a resistance to fungal decay.
The characteristics of all wood species are described in Table 1 . 
